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In touch receptor cells of the nematode, two channel
subunits of the DEG/ENaC family have long been
thought to carry out mechanotransduction. New work
shows that these channel subunits are responsible for
events that occur within 50 milliseconds of transduc-
tion, and may be the transduction channel subunits
themselves.
All organisms sense their immediate environment using
specialized mechanoreceptors, cells that respond to
external mechanical forces. These exquisitely sensitive
cells underlie osmosensation, touch, hearing, balance
and proprioception. All mechanoreceptors that have
been studied in depth respond to external forces by
opening transduction channels — mechanically gated
ion channels. Although large-scale genetic screens
have revealed an assortment of genes essential for
mechanosensation in worms [1] and flies [2], definitive
molecular identification of these transduction channels
has largely eluded us.
The earliest and most complete description of genes
required for mechanosensation exploited the nema-
tode Caenorhabditis elegans. To identify worms defi-
cient in their responses to gentle touch, Chalfie and
Sulston [1] devised a screen involving a simple prod
with an eyebrow hair. They and others have found over
450 mutant worm lines defective in their response to
such a stimulus, defining 18 genes [3]. Over the past
two decades, most of the genes responsible for these
mechanosensory (mec) mutants have been identified,
including several that encode candidate subunits of a
hypothetical transduction complex. Of particular inter-
est are mec-4 and mec-10, two genes that code for
degenerins (DEGs), ion channels related to the verte-
brate epithelial sodium channels (ENaCs). Worms
require mec-4 and mec-10 to generate neuronal
responses to gentle touch stimuli [4–6], and their
protein products MEC-4 and MEC-10 have been pro-
posed to form part of the transduction channel in
touch neurons [7].
Proving that a channel is directly opened by a
mechanical force is a difficult task, however, and is even
more challenging in C. elegans. Accessing neurons in
nematodes requires rupture of the cuticle, and the high
internal pressure causes cells to explode out the incision.
To date, investigators have failed in attempts to demon-
strate mechanically activated transduction currents in
touch neurons from C. elegans. 
In a recent study, Suzuki et al. [8] have come much
closer to proving that MEC-4 and MEC-10 are part of
the C. elegans touch-cell transduction channel. To
avoid the difficulties associated with direct electrical
recording from C. elegans neurons, they used trans-
genic nematodes expressing a genetically encoded
Ca2+ indicator — a ‘cameleon’ — and monitored intra-
cellular Ca2+ changes in response to gentle touch in
intact animals. Their results clearly show that mec-4
and mec-10 are essential for the immediate response
of a neuron to gentle touch sensation, not just for basic
neuronal function.
Cameleons are intramolecular probes which exploit
the phenomenon of fluorescence resonance energy
transfer (FRET) [9]. The cameleon used by Suzuki et al.
[8] consisted of yellow fluorescent protein (YFP) and
cyan fluorescent protein (CFP) moieties linked by
calmodulin and a calmodulin-binding peptide. When
Ca2+ enters a cell, it binds to the calmodulin moiety
and brings the CFP closer to YFP, enhancing the FRET
between the two fluorophores (Figure 1A). A change in
the ratio of the fluorescent signals in the cell directly
reflects a change in intracellular Ca2+. Because the
cameleon used by Suzuki et al. [8] was under the
control of the mec-4 promoter, intracellular Ca2+ could
be monitored specifically in the six touch neurons that
normally express mec-4 (Figure 1B).
Suzuki et al. [8] monitored cameleon fluorescence
while subjecting the worm to several modes of gentle
touch. They found that mec-4-expressing neurons pref-
erentially responded to a moving stimulus (buzzes
along the cuticle) or a fast poke, but were less respon-
sive to sustained pressure (presses in one spot). Fol-
lowing a fast poke, Ca2+ increased in the touch neurons
within 50 milliseconds of the stimulus. By contrast,
nematodes lacking mec-4 and mec-10 showed no Ca2+
increase in response to touch stimuli. Cells from mec-4
and mec-10 null nematodes showed a normal Ca2+
response to K+-induced depolarization, however, indi-
cating that the membrane properties of these cells were
normal. These data show that MEC-4 and MEC-10 are
responsible for an event that occurs within 50 millisec-
onds of a mechanical stimulus, perhaps activation of
the transduction channel itself.
Suzuki et al. [8] also obtained data implicating an L-
type calcium channel, EGL-19, in the Ca2+ transients
observed in response to gentle touch in C. elegans.
Because nematodes lack voltage-dependent Na+ chan-
nels [10], the most likely role for these Ca2+ channels is
in propagation of the signal from the distal site of trans-
duction to the synapse. Recently, Shin et al. [11]
demonstrated that the T-type calcium channel Cav3.2
is required for proper function of a class of mammalian
skin mechanoreceptors. By contrast, null mutations in
the only nematode gene for a T-type Ca2+ channel, cca-
1, do not affect touch sensitivity [8]. The difference
between nematodes and mammals in the type of Ca2+
channels activated during mechanical stimulation may
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reflect differences in the mechanisms of propagation of
the neuronal signal generated by touch. 
The new evidence [8] builds a stronger case for
MEC-4 and MEC-10 being mechanotransduction chan-
nels in nematodes. Other members of the DEG/ENaC
family have been implicated in mechanosensation in
other organisms. For example, BNC1, a mammalian
member of this family, is essential for normal touch
sensation; targeted deletion of the BNC1 gene led to
mice with aberrant touch sensitivity [12]. Another
example is pickpocket (ppk1) [13], a Drosophila
DEG/ENaC gene expressed in sensory neurons of the
larval wall and a limited number of bipolar neurons in
the brain. As Ainsley et al. [14] recently reported in
Current Biology, larvae carrying null ppk1 mutations
move across a dish in an abnormally straight manner,
perhaps because of altered peripheral mechanosensa-
tion. These results suggest that select members of the
DEG/ENaC family, such as MEC-4 and MEC-10, might
be mechanically gated ion channels.
The DEG/ENaC family is not, however, the only
protein family with candidate mechanotransduction
channels. For example, nompC, a Drosophila gene
essential for bristle mechanosensation, instead belongs
to the transient receptor potential (TRP) family [15].
Although NompC has not been definitively established
as the bristle mechanotransduction channel, its identi-
fication has shifted focus to TRP channels as mediators
of mechanotransduction in many systems [16]. Accord-
ingly, another TRP channel, Nanchung, was recently
identified as a likely transduction channel in the hearing
organ of flies [17]. Moreover, Sidi et al. [18] have shown
that an ortholog of nompC is essential for hearing in
zebrafish. Although nompC appears to be absent from
the human and mouse genomes, other mammalian TRP
channels have been implicated in mechanosensation
[19,20]. It seems likely that there are two broad classes
of mechanoreceptors, those that rely on DEG/ENaC
channels and those that rely on TRP channels.
The demonstration that mec-4 and mec-10 play a
particularly early role in nematode touch transduction,
perhaps mediating transduction itself, draws attention
back to this model system. One major stumbling block
in the field of mechanotransduction is definitively
proving that candidate transduction channels are
mechanically gated channels. In the case of the worm
touch receptor, proof may require expression of a
genetically altered channel, perhaps one sensitized to a
specific inhibitor. Abrogation of mechanically elicited
currents with a channel-specific inhibitor would connect
clearly the gene in question — mec-4 or mec-10, for
example — with the transduction channel. We look
forward to seeing the results from such experiments.
The number of genes responsible for transduction
that have been identified by molecular means is much
greater in the case of nematode touch transduction than
in any other model system. The methods employed by
Suzuki et al. [8] should enhance the ability to determine
what role the products of these genes have in transduc-
tion, suggesting that a complete molecular description
of touch-neuron transduction is possible in the not-to-
distant future. An organism’s ability to interact with its
environment is paramount to its survival; so it is not
unreasonable to expect that mechanoreceptors for
similar sensory modalities have been evolutionarily con-
served. For that reason, identification of the elusive
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Figure 1. The use of a cameleon to study
mechanotransduction in C. elegans.
(A) A cameleon representing the Ca2+-
sensitive FRET-based cameleon used by
Suzuki et al. [8]. In the absence of an
external stimulus, excitation of the CFP-
expressing head has no effect on the
YFP-expressing tail. The capture of the
prey apposes the head and tail, enhances
FRET and results in the emission of a red-
shifted photon. (B) A schematic of C.
elegans touch-receptor neurons. AVM,
anterior ventral microtubule cell; ALMs,
anterior lateral microtubule cells; PVM,
posterior ventral microtubule cell; PLMs,
posterior lateral microtubule cells. When a
gentle touch stimulus is applied to the
anterior region of the worm, the corre-
sponding anterior mechanosensitive
neurons expressing the cameleon under
the mec-4 promoter fluoresce in response







mechanosensitive channels will require using many
model systems — nematodes, flies, fish and mice — as
well as a multidisciplinary approach that exploits bio-
chemistry, molecular biology, electrophysiology and
genetics.
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